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The effect of a water jet mixed with air on the coatings has been

further investigated (see progress Report VI, (5)-(9).



Film thickness 1.20mm, LR5630

'TABLE 1
(1) Cumulative Effect of Erosion:
EROSION
Time
h | | ADHESIVE SHEAR STRENGTH -
' kg/cm2
. .
Time of Storage after Erosion 19 days 0.16
16 ‘ ' |
1] "o n{ " " 1 day 1.38
2 days 0.59
3 days 0.31
20 days 0.17
16
14 " ‘ -1 " 1" ]ﬁ days 0 45

18 .

" " " " " O days* 2 58

1 day 1.98
2 days 0.54
5 days 0.73

This sample was not dried before adherihg'ice‘tovit again.

It is apparent from the above results that the shear strength
is lowered again after the éoats are stored after erosion;actually
the specified shear strength is attained again on storage while at
once after erosion, the shéar strength has increased beyond the

specified shear strength.



Polycarbonate - Poly Siloxane —'CoePolyﬁer XD-11
This polymer has a high-TG (10d)C).and is somewhat tougher
“than LR 5630. Its examinatien'was discountinued at an earlier
'stage (see program report VI, A-(2). ) | |
The solvent (CH2 Cl ) was changed to dloxane.
‘The compostions of the coatine mlxtures were:
(a) XD—ll 0.5g, Dioxane 2.5ml, Toluene 2.5ml
(b):XD—ll 0.5g, Dioxane 5.0ml |
" A clear solution was obtained iﬁ eithei case but the first mixturev
| became a gel during storage. | | |
Both solutions were used for coating Al—plates. Thick coats
of 0. 1mm or more separated from the plates on arylng. Hence, only
thln coats were prepared. The coat of the mixture (a) was heated
at 100°C for 1lh prior to testing. The heating did not affect the
adhes}ve strength to e noticeable extent.
The adhesive strength of the coat made from (b) is larger
than of (a). The reason for this is probably the fact that
only one solvent was used for (b) ;generally evaportation.is
less smooth for a single solvent than for e mixture of solvents.

TABLE 2 gives results,

TABLE 2
SAMPLE SHEAR ADHESIVE STRENGTH
: JSAVERAGE
(a) without silicone oil A ' 0.69 1.15 0.92
(a) with 10% Thomas silicone oil ' 0.76 1.67 1.20
(b) without silicone oil . I | ———— e 1.91



| A'sample<yf'1.15 kg/cmz_adhesive strength was eprsed to
erosion for 4h without drying;uice_was adhéred.agaih ét ~10°C.  The
adhesive shear strength increaséd to 2.87 kg/cmz. Thus XD4ll‘is“
" not better than LR 5630 Qf similar thickness. |

POLYCARBONATE (PC), (LEXAN, GRADE 100-111, GE) -

(a) LR 5630 Plus PC:
o pc ©  0.1g
| LR 5630 0.1g
Dioxane 8.0g
Toluene.  2.0ml

A turbid mixture was obtained, PC and LR 5630 are not
miscible, A thick coat separated from the Al—Plaﬁe on drying. A
thinner coat adhered to Al, (Coatef'gap 0.35mm) . The'coat was
heated at 100° C for 1h. The pencil hardness was < 6B and thé
adhesive strength 2.91 kg/cmz, which is rather large.

| 2) PC 0.95¢g

LR 5630 0.05g

Dioxane 8.0ml

Toluene 2.0m1

+ Again, a turbid mixture was obtaiﬁed although the amount of

LR 5630 was reduced. The coating properties of this mixture were
the same as for case (1) (heated at 100°C for 1h, pencil haﬁdness
< 6B); shear adhesive strength 7.44kg/cm2. |

(b) FLUOROLUBE S-30 (Hooker Chemical Corporation):

(1) PC l'Og
Dioxiane v 8.0ml
Toluene 2.0ml

Fluorolube up to Ca. 6%Z by weight,



- The mixture was turbid due to,Fluorolubé, Fluorolube was
added in stages i.e. 1%, 2%,‘4%,»62 Coats wereAdried at room

tempeﬁature for 3 days beforé testing.

TABLE 3
fLUOROLUBE CONTENT ‘ ADHESiVE'STRENGTH ‘ TEICKNESS bF COAT | | REMARKS
Weight 7 '  kg/cm? : pm .
0 | ' 0.02 ‘ R 45 - Coat not .uniform%

-1 . Too weak to me.asure ' - 40 o

ca.: 2 | [ : | : 20“ | "_ » "

ca. 4 | ———— ‘ ,SQ » ~ Coat separates
‘ca." 6 —— ca. 40 - from Al-—pla_te

* During erosion (16h), half of the coat separated from A ;
(2) PC 1.0g
| Dioxane 10.0ml _
Fluorolubé up to ém, 4 7 by Weighﬁ.
A clear solu£ion was obtained without Fluérblube,
Fluorolube was added in stages as béfbre.‘ The coéts were

dried at room-temperature for 3 days before testing.



TABLE 4

FLUOROLUBE CONTENT ADHESIVE STRENGTH THICKNESS ' REMARKS

Weight % _kg/cm2 .  uh
0 Too weak to measure 50 : Clear‘uniform coat
1 ' 1 0.03 | 45 Slightly turbid uniform
: ' ‘ S coat
Ca.Z ' ' - — | : 75 . _ Tutbid,jnon—uniform-i
ca.2 o . m— . 45  |coat separating from Al

The low value of 0.03kg/cm2bwas,later fouﬁd to be due to residﬁal
dioxaﬁe in the coat. | | .
(¢) Double coat (PVB Primer/PC-topcoat; PVB Polyvinyl-Butyral)

It was hoped that a primer would make the cbat adhere better
_tb the substfate. Both polymers are 501ub1e in dioxane.

W  pC 2.09g
Dioxane 18.0m1' 

A slightly turbid solutibn was obtained. - This was coated on
top of the PVB film (primer). The coat was left at foqm |
temperature for one day before testing; The shear stﬁength was
1.47 kg/cn®, | |

Coating was carried out as abové, except that a coater of gap
width 0.4mm Was used. The coat was‘thin and smooth. It was dried -

at room temperature for one day.



~ Adhesive stréhgth was 0.43 kg/cmg. The PC topcoat was removed
during testing from the primer at several spots after dfying for
5h at room témpetature;‘ The adhesi§e strength increésed_to 3,07
kg/cif; the next day it was>4.50 kg/cm2. The reason‘fof this
increase is obscure. - SR
(a) EFFECT OF DIOXANE on PC-COAT.
| (l) The Pc;goiution in dioxane was coated on an Al—piate with

a coater of 0.4mm gap-width. The coat was dried at :dom

température.
TABLE 5
DRYING TIME ' 3 o ADHESIVE STRENGTH
h _ | kg‘/cmz
ca.4d ' ' - R 0.03
24 o ~1.55
48 : o 4.38

(2) Hefe a coater of 0.7mm gap-width was used as the thicker coat

showed small wrinkles,

TABLE 6

No. of Coating Appearance DRYING TIME(h) AT ROOM
' . TEMPERATURE
ca. 4 24 48
: ADHESIVE STRENGTH, kg/cm2
1 Smooth 0.29 1.48 3.66
2 i Not uniform 0.28 1.91 3.65
5 " 0.05 e




fhe adhesive'strengthfincreased cbnsiderably on éxposure'fo'
~ erosion, Table 6 shows that residualvdidxane in the coat
decréaSed the adhesive Strength'aﬁpreciably.' |
- (e) Poly(dimethylsiloxane) (Silicone.oil from
Polyéciences)—Pdlycarbonaﬁe. R o _
(1) pc/silicone qil,ss/és'by WT. This is the same
ratio as in the co—poiyﬁer LR5630.' | | | -
| | 'Dioxahe_ 10.0m1 .
Silicone oil; MW10000; DP=140.> '
The 0il did not dissolve in the PC-solution; Pcrand the oil
- separated in the coat on Al.
| (2) Silicone oil (oil MW 100 000, DP 1351)
pC 0.35g
Dioxane 10.0ml
, Silicone o0il 0.65g
Silicone oil separated from the solution.
| (3) The Silicone oil (MW 100 000) was reduced to
0.25g.
PC 0.759
Dioxane 10.0
Howe§er the,oil still separated. The oil was further reduced to
0.15 g. ‘
PC 0.9g
Dioxane 10.0ml1
The solution became slightly turbid. An uneven_coatvwas
obtained by this solution of an adhesive strength 1.88.kg/cm2.

The coat was dried prior to testing at room temperature for 5h.



(h) LR-5630 exposed to erosion:

Thomas oil, SF—1154vor_F1uorolube 0.2q

(1) LR 5630 2.0g

Toluene 8.0ml

(i.e 10% W/W of the.
co-polymer.)

' v o TABLE 7 R
OIL o SOLUTION THICKNESS EROSTION ADHESIVE STRENGTH
APPEARANCE OF COAT TIME )
e 2
mm h kg/em™
Without Ice Prepared After
- Erosion Days of Erosion
0*2 1 2 19
Thomas Turbid 0.65 8 0.04 —— 1.91 0.95 0.45
’ ) .1.3
SF-1154 Clear 0.60 3.5 0.23 —— 1,49 -—— 0.37%
*I
Fluorolube Clear 0.18 21 0.28 3.59 ——- —— ——

*] The solution was repelled by the Al-surface and it was

difficult to obtain a thicker coat.

*2. Immediately after erosion without drying.

*3 18 days



It appears that none of the adhesive strength values was
below the specified maximum strength (1.76 kg/cmz) immediately
vafter'erosion..
(2) Silicone Gum (P_.ol_vdimevthyl‘siloxane) Suppliedvby‘
| | Polysciences)

Compositions of coating mixtures

TABLE 8

SAMPLE NO. | 2 3 4

SAMPLE
LR5630/Silicone Gum 100/0 90/10 75/25 50/50
LR-5630, g. 2.0 1.8 1.5 1.0
Silicone Gum, §g e 0.2 0.5 1.0
Toluene, ml 8.0 8.0 8.0 8.0
Thickness of Coat, mm 0.17 0.45 0.20 0525

LR~-5630 and silicone gum were separatly soluble inltoluene,
but LR 5630 and the gum were not miscible. The liquid mixtures
were turbid, also the coats were turbid and the two polymers
separated in the coat. Example No.2 was subjected‘to erosion for

- 3h. and immediately after exposure ice was adhered to the coat.
The adhesive strength was 2,22 kg/cmz. After storing of the
sample for one and two days, the adhesive strengths Qere 4.24

kg/cmz and 3.34 kg/cm2, respectively.

10



The surface of the coating was apparentlylaamagéd oh exposure to
erosion. | _ |
(3) Crosslinking of LR 5630 vﬁiﬁlBenzoyléeroxidé. The composition
and characteristics wvere asvfolléws:

TABLE 9

BZOy (w/w % in LR5630) 5%6 - 2%3‘
L35630;g R | o 20 2.0
B02,8 | -‘ o | "_ : 0.1 : 0.05
Toluene, ml o 8.0 | | 8.0
Thickness of Coat, mm | 4 : 0.17 ' 0.38
" Adhesive Strength, kg/cm2 - 0.34 ,. 0;13
Adhesive strength immediately

After Erosion : 4,36 —
Stored for 3 days _ | - ——

After Erosion . 4.53 '

The solutions were clear; the coats, dried at room
temperatue, showed many needle-like crystals of B;0,. The coats
were heated at 100°C for 1h for the purpose of crosslinking.

However after heating,the coat was still soluble in

11



toluene at room temperature indicating that crosslinking had not

taken place.

(4) Compostions containing high MW Poly (dimethylsiloxane).

- Composition and characteristics arelgiven in TABLE 10

TABLE 10
) ' . 1%
Polycarbone Repeat Unit/ Poly Siloxane _ 30/70 35/65
: , Repeat Unit : ' '
LR5630, g S 2.0 —_—
LR-3320,g - . ' : ' —— - .0.61
Poly (dimethysiloxane 1.MW 100 O()Og 0.3 _ 0.39
Toluene, ml. . | 10.0 5.0
‘Dioxane, ml ’ —— | .‘ 5.0
Thickness of Coat, mm ' 0.275 _x2
Adhesive Strength, kg/cm? | | 0.05 0.42

40/60

0.80

0.35

5.0

5.0

1.27

#]1 This is the same ratio as in LR5630

%*2 Coats were not uniform; copolymer and silicone separated in the

coat.

12



‘n
1R AJ
a1
&/,
rA

L)
209

P

15

1o

H 500 Contant

o AW

o
//

: SHiav

4 /e




(5) Croés—linked silicone gum

(a) SiliCOné gum 2;0g

Toluene ., ) o | B.Oml

B,0, . oag

| _AAclear, viscous‘solutionbfesulted; Itvwasicoated on an
Al—plate and heated aﬁ 150°¢C for O.Sh- Thé coat wés‘notbuniform
and was slightly coioied.' It was very fragile and its adhesive
j'strength could not be meaSured,

| | (b) Silicone gum Z.Og

Toluene' _ 8.0ml
' Me Si(OEt), 0.2g
(for cross-linking)

Again a clear, viscous sélution was obtained. The coat on Al
was heatea at 100°¢C for lh. After}crosélinking'of the»gum, the coat
had a grease-like consistency,; its adhesive strength was 0.06 kG/sz'
(sliding). .

" (c) ‘Tullanox # 500 and LR 5630

LR 5630-2.09, various amounts of Tullanox #500 and téluene 10ml
 were mixed in a'ball—mill for 16h and coated on Al. All coats were
heated a£ 110°C for 1h. | } |

Adhésive strength (kg/cmz) ahd peel strength (g/cm) aré
plotted Versus % Tullanox #‘500 in the accompanying figure.

- It is interesﬁing to note that while the adhesive strength
increases lihearly'With the % Tullanox content, the peel strength

remaihs constant for the whole range of Tullanox»peréentagésb
Apparently, the surface becomes rougher with increasing |

- Tullanox-powder content but the adhesion is not affected with

respect to peeling.

13



Oﬁe»éample’(IS;;w/w of Tullanox #500).wa$ subjected to 
erosion for 4,5h, for adhesive and peel strengths are given in
TABLE 11 Below. B
TABLE 11

SAMPLE 3, TULLANOX #500, 15% w/w

| ' SHEAR STRENGTH (kg/cm?) PEEL g/m
Before Erosion R 0.40 ‘ o | -
A few hours after Erosion ' 4.34 . : —
Stored for 1 day) - : © 3,15 ' : ——

’ After Erosion ‘
Stored 18 days 1.55 - 2.9

Both édhesive and peel strength increase considerable
Qn exposure to erosion. | |
(7) Effect of Erosion on Peel Strength.
(2) LR-5630 2.0g
Polydimehylsilokané 0.3g
» MW 100000)
Toluéene . 10.0ml
A 225 .um thick coat on Al was prepared, its adhesive
strength was 0.05 kg/cmz, The coat was exposed to erosion for
18.5h and after erosion, peel tests were carried out.
| ' PEEL STRENGTH g/cm
Immediately after erosion 3.4
Stored for 1 day after erosion | | 0.7

The recovery appears to be remarkable.

14



. (2) A LR-5630 coat(l.lmm thick) was expcsed to erosioﬁ for 4.5h
" and its peel strength was meashred: | |

' PEEL STRENGTH ¢/cm

Immediately after erosioh‘A . |  3.6
Stored 1 day o o 3.8
~ Stored 2 days R - 1.9

(8) Miscellaneous Compositions
-;(é).TAR —Epoxy-Eﬁamel Subtrate |

| This surface was treated with dimethyldiethoxy silane (Meq
Si(OEt)z'and left for 2h. It was anticipatated that the silane
would be hydrolyzed in preéence of:moiSture'ahd would turn into
silicone o0il. The shear adhesive Streﬁgth of such a coat was >
4.5 kg/cmz.
(b) Polyainylidehe fluoride (PVDT) wés éiésolved in warm
cyclohexanone and the solution was coated on a warm Al+piate. Two
coats were prepared,one was milky and ihe.other one was
practically transparent; these were tested.

| Milky Coat 8.29 kg/cm2

Transparent coat , 5.64kg/ém2

Coats.Separated'from the substrate after testing.
(c) Poly (vinyl butYral) (PVB)
(1) Butvar B-90 was dissolved in toluenevand EtoH was added giving

a clear solution:.

Butvar B-90 2.68
Toluene 16.0ml
EtoH 4.0ml

A coat ca.70 um on Al wrinkled on heating to 100°C for 1h.

The shear strength amounted to 5.51 kg/cm?

15



To chh a coat Mez Sl(OET)2 was added at room temperatureand 1eft
about 0.5h. ThlS compound was expected to react with -OH~groups.
(18- 204) as PVA 1n PVB. The adhesive strength was 6.25 kg/cm 2.
(2) ME Sl(OEt)2 (CA.20 to PVB) was added to the PVB-solution es
prepared above. The Al- coat was heated at 100‘% for 1h prlor to |
- testing. Mllky patterns appeared in the coat (0 15 mm thlck) its
 adhesive strength was 9.32kg/cm .. |

{(3) The follow:ng compostlon was examined

~Butvar B-90 - 0.8g
Poly (dimthylsiloxane), Mi 100 000 0.2g
o Toluene | | 8.0ml
Etoh o 2.0ml

The solution was slightly turbid, the coét on Al was very
turbid. Shear adhesive strength was 4.39 kg/emz, This'strength
was not reduced by adding silicone o0il.
(4) A PVB—Solution was prepared as abovef it was coated on the
specialiy preparediTAR—Epoxy—Substrate.' After'a first coat had
dried,a second one was applied. However the PVB solution_attaeked
thezsubstrate and the latter bﬁlged.' The PVB could be easily
peeled off. B
(d) Pdlystyrene and Poly-cxfmethyl styrene did not show promising
results.
(e) Erosion-Resistant Coat.

(1) Pfeliminary‘experiments}

(a) LR-5630 1.09_'

Toluene - 9.0ml

16



Coats werevprepéred on Al. Two of the coats, Fluorolube '8~30
or GE— Slllcone oil SF-1154 were applled for One day prior to
testing. Fluorolube proved to repel LR—5630 and 1t was dlfflcult
to obtain a unlform coat. The coats-were exposed to erosion for

1.5h and 1mmed1ately afterwards ice was adhered to them. Results

‘are glven below. .

TABLE .12
. SAMPLE e THICKNESS OF COAT ADHESIVE STRENGTH
o v ot _ ‘ kg/cm
LR-5630 control 0.10 o ‘ 3,18
LR-5630 with Fluorolube  0.11 - o . 0.85
LR-5630 with SF-1154 0.09 , ©0.37

' This is the first time that an adhesive strength value was

obtained lower than l.OOkg/cm2 immediately after exposure to

erosion.

(b) Preliminéry Experiment-z |
Previously prepared coats were treated with SF-1154.. They

wére stored at room temperature prior to exposure to erosion.

After a 1.5h long erosion, samples were eroded again (16h LR-5630,
and 5h LR3320).

17



_Results are given below,

TABLE 13 :
o —————  ADHESIVE STRENGTH, kg/cm’ ‘
. SAMPLE THICKNESS OF COAT No Erosion After lst Erosion After 2nd Erosic
mm ‘ - : 1.5h 16h
LR—5630l$R_1154 0.26 0.47 - 0,04 _ 1.09
LR-5630

. 0.13 2.50 - 0.02 . 2.37

LR~563O is well witﬁin thespecified réngé (Pirst Expefiméntj
(c) LR—5630/SF—1154 Compbsitions..
"Séven differentVcompositions.were prepareds
“ | LR-5630 1.0g
Toluene 4.0m1

SF-1154 various amounts,see TABLE 14.

TABLE 14
SF- 1154,g : 0.0 0.1 0.2 0.4 0.6 0.8 1.0
o | | 0 10 20 40 60 80 100
Coat thickness, - o , 0.26  0.29 0.32 0.37 0.42 0.47 0.58
Adhesive Strength, kg/cm2 before 0.38 ‘0.22 0.12 0.06 0.07 0.17 — v
_ Imnediately after éfgsionfr%Z;zgz 2.87 3.7t 1.81  0.20  0.61 - 1.16 ; 0.71
1.61

16 h after erosion” DATA NOT YET READY 0.68 2.57%

*#]1 Calculated values
%2 Cumulative erosion i.e. 19h

#3 24h instead of 16h

18



These last results will be discussed in the next report.
Experiments with G. E.’silicone varnish are now in progress.
Overall, the results show that LR—5630 plus SF~1154 is the nost'f

promlslng system prOV1ded coats are relatively thlck.

19
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The effect of a water jet mixed with air on the coatings has been

further investigated (see ?rogress'Report VI, (5)-(9).



Film thickness 1.20mm, LR5630

"TABLE 1

(1) Cumulative Effect of Erosion:
- EROSION
Time

h N

Time of Storage after Erosion

.16

" 11 " ft 1

16

18

n n 1 " "

It is apparent from the above results that the shear strength
is lowered again after the coats are stored after erdsion;actually
the spe01f1ed shear strength is attalned again on storage while at

once after erosion, the shear strength has increased beyond the

spe01f1ed shear strength,

ADHESIVE SHEAR STRENGTH
kg/cm2

19 days

1 day

2 days

3 days

20 days

: Lé.days'

0 days*

1 day
2 days

5 days

0.16

1.38

0.59

0.31

0.17

0.45

2.58
1.98
0.54

0.73

This sample was not dried before adhering ice to it again.



Polycarbonate - Poly Siloxane - Co-Polymer XD—il
This polymef has a_high-TG (lod)C)‘and is somewhat-toughe?

than LR 5630; ' Its examination was discountinu¢d.a£ an earlier
stage (see program report VI; A—(Z){) _ |
The solvent (CH, Cl,) wasvéhaﬁged to dioxane,
' The compostions of'the.coatine‘mixtures.Were:-
(a) XD-11 0.5g, Dioxane 2.5ml, Toluene 2.5ml
(b) XD-11 0.5g, Dioxane 5.0ml
A clear solution was obtained in eithér case but the firs£ mixture"
became- a gel during-s?otage;

| Both solutions were used for coating Al-plates. Thick coats
of O.imm or more separated from the plateskon drying. Hence, only‘
thin coats were prepared. The coat of the mixture (a) was heated
at 100°C for 1h prior to testing. The heating did not affect the
adhesive strength to a noticeable extent, | |

The adhesive strength oflﬁhe coat made f:om (b) is larger

than of (a). The reason for this is probably the fact that
only one solvent was used for (b);generally evaportation is
less smooth for a single solvent than for a mixture of solventé.
TABLE 2 gives results. |

TABLE 2

SAMPLE - SHEAR ADHESIVE STRENGTH
JAVERAGE
(a) without silicone oil 0.69 1.15 0.92
(a) ‘with 10% Thomas silicone oil 0.76 1.67 1.20
(b) without silicone oil —— e 1.91



A sample of  1.15 kg/cmz'adhesiVe strength was exposed to
erosion for 4h without drying} ice’waS'adhered.again at —1o°c.' The
adhe51ve shear strength increased to 2.87 kg/cmz. Thus XD—ll is
not better than LR 5630 of similar thlckness. | |

POLYCARBONATE (PC),(LEXAN, GRADE 100-111, GE)

{a) LR 5630 Plus PC:
W e g
‘LR 5630  0.lg
Dioxane 8.0g
Toluenef‘ 2.0ml

A turbid mixture was obtained, PC and LR 5630 are not
miscible. A thick coat separated from the Al-Plate on drying. A
thinner eoat adhered to Al. (Coater gap Q.35mm). The coat was
heated at 100°C for 1h. The pencil hardness was < 6B and the
adhesive strength 2,91 kg/cmz, which is rather large.

oy PC 0.95g |
LR 5630 - 0.059g
'Dioxaﬁe 8.0ml
Toluene 2.0ml

Again, a turbid mixture was obtained although the amount of
LR 5630 was reduced. The coating properties of this mixture were
the same as for case (1) (heated at 100°C for 1h, pencil'hardness
< 6B); shear adhesive strength 7.44kg/cm2..

(b) FLUOROLUBE S-30 (Hooker Chemical Corporation):

(1) PC | 1.0g
Dioxiane 8,.0ml
Toluene - 2.0ml

Fluorolube up to ca. 6% by weight,



The mixture was turbid due to Fluorolube; Fluorolube was
- added in'stages’i.e.'IZ, 2%, 4%, 6% Coats were dried at room

temperature for 3 days_beforé,testing.

TAELE 3
FLUOROLUBE .‘CON;I'E}NT ._ ADHESIVE SfRENGTH - 'THICI.(NESS OF COA.T. _ " R.EMARK“S
‘ Weight % o »kg/cmzv o ,_ pm : '
0 . 0.02 o o | '45} / Coat not uniform®*
1 ' | ‘Too weak to 'me.asure _ 40 : - | “
ca.-2 . R ' | 20 ’ -
‘ca. 4 ———— - , 50 Coat separates
‘ca.' 6 _ ——— . ' ‘ca. 40 from Al-Plate |

* During erosion (16h), half of the coat éeparated from A ,
(2) _ PC'. 1.0g |
Dioxane  10.0ml
Fluorolube up to ca. 4 by' weight.
A-clear solution was 6btained without Fluorolube.
Fluorolube was added in stages as}before. The coats were

dried at room-temperature for 3 days before testing.



TABLE 4

FLUOROLUBE CONTENT - 'ADHESIVE STRENGTH  THICKNESS REMARKS
Weight 2 - = : kg/cm? . Y _
0 " Too weak to measure 50 o ‘Clea'r uniform coat
I . 0.03 45 Slightly turbid uniform
L : . ’ : : coat
ca.?2 | — ‘ - 75 | Turbid ,’- non-uniform
ca.?2 R e ' . 45 ~ |Coat separating from Al

The.lbw value of 0.03kg/cm2 was 1atervfoﬁnd to be due to residual o
dioxane in the coat. _ | |
(e) Double coat (?VB Primer/PC¥topcoat; PVBHPolyvinyi~Butyral)
| It was hoped that a primer wquld make the coat adhere better
to the substrate. Both polymers are soluble in dioxane,
(1) PC 2.0g
Dioxane 18.0ml

A SIightly.turbid solution was obtained. vThis was coated on
top of the PVB film (primer). The coat was left at room
temperature for 6ne day before testing. The'shéér strength was
1.47 kg/cmz.

Coating was carried out as above, exéept'that a coatér of gap
width 0.4mm was used. The coat was thin and smooth. It was dried

at room temperature'for one day.



Adhesive strength was 0.43 kg/cmz. The pPC topcoat was removed
during testing from the primer at several spots after drying for
5h at room temperature. The adhe51ve strength 1ncreased to 3.07

kg/cn? the next day it was 4.50 kg/cm The reason for this

1ncrease 1s obscure.
(d) EFFECT OF DIOXANE on PC-COAT.

(l) The PC-solutlon in Gioxane was coated on an Al- plate w1th

a coater of 0.4mm gap-width. The coat was dried at room_

temperature.'
TABLE 5
DRYING TIME . o ADHESIVE STRENGTH
h ' , kg/cm?-
ca.4 0.03
24 1.55

48 | | o 4.38

(2) Here a coater of 0.7mm gap-width was used as the thicker coat

showed small wrinkles.

TABLE 6

No. of Coating Appearance ‘ DRYING TIME(h) AT ROOM
- ' | TEMPERATURE
ca. 4 . 24 48
ADHESIVE STRENGTH, kg/cm?
1 ' Smooth - 0.29 1.48 3.66
2 " Not uniform 0.28 1.91 3.65
3 ' " " 0.05 —— ——




Thé-adhesivebstrength increaéed considerably on epréure to
erosion. Table 6 shows that re31dual dioxane in the coat
decreased the adhes1ve strength apprec1ably.

(e) Poly(dlmethy151loxane) (Silicone o0il from
Polysciehces)—Pélycarbénate. | _
(1) PC/Silicone oil 35/36 by WT. This is the same
ratib‘as in the'co—polymer LR5630.
| Dioxane 10.0m1
~ Silicone oil; MW10000; DP=140.
The oil did not dissolve in the PC-solution; PC and the oil
separated in the coat on Al. _ |
(2) Silicone o0il (o0il MW 100 000, DP 1351)
PC 0.35¢g
Dioxane _ _ll0.0ml
Silicone oil 0.65¢g
Silicone o0il separated from the solution.
(3) The Silicone oil (MW 100 000) was reduced to
| | 0.25¢g
PC 0.75¢g
Dioxane 10.0
However the_oil still'sepafated. The o0il was further ieduced to
0.15 g. | |
PC 0.9¢g
Dioxane 10.0ml

The solution became slightly turbid. An uneven coat was:

obtained by this solution of an adhesive strength 1.88 kg/cmz.

The coat was dried prior to testing at room temperature for 5h.



(h) LR-5630 exposed to erosion:
(1) LR 5630 2.0g
Toluene S.Oml

Thomas o0il, SF-1154 or Fluorblube 0.20 (i.e 10% W/W of the
‘ . : : : ' . co-polymer.)

TABLE 7

OIL | SCLUTION v THICKNESS _ EROSION B ADHESIVE STRENGTH
' : APPEARANCE . OF COAT TIME o
. ‘ 2
mm h kg/em ‘
‘ Without JIce Prepared After
Erosion. Days of Erosion
0¥2 1 2 19
Thomas Turbid 0.65 | 8 0.04 —— 1.91 0.95 0.45
| - ' 23
SF-1154 Clear 0.60 3.5 0.23 === 1,49 - 0.37%
:':1
Fluorolube Clear 0.18 21 0.28 3.59 ——= —— —

*] The soiution was repelled by the Al-surface and it was
difficult to obtain a thicker coat.
*2 Immediately after erosion without drying.

*3 18 days



It‘appears that'nohe of the adhesive strengtﬁ‘values was .
below the specified maXimuﬁ strength (1.76 kg/cmz) immediately
after erosion. |
(2) Silicone Gumi (Polydimethyl Silokane) Sdppliéd bf 1

| . PQlysciehces) |

Compositions of coating mixtures

 TABLE 8
SAMPLE NO. ' R 2 3 A
SAMPLE
LR5630/8ilicone Gum ©100/0 90/10  75/25 50/50
LR-5630, g. 2.0 1.8 1.5 1.0
Silicone Gum, g - 0.2 0.5 1.0
.Toluene, ml . 8.0 8.0 8.0 ' 8.0
Thickness of Coat, mm 0.17 0.45 0.20 0.25

LR-5630 and silicone gum were separaﬁly soluble in toluene,
but LR 5630 and the gum were not miscible. vThe liquid mixtures
were turbid, also the coats were turbid-and the two polYmers
separated in the coat. Example No.2 was subjected to erosion for

- 3h, and immediately after exposute ice was adhered to the coat.
The adhesive strength was 2,22 kg/cmz. After storing of the
sample for one and two days, the adhesive strengths were 4.24

kg/cm2 and 3.34 kg/cmz, respectively.
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The surface of the coatinngas apparently damaged_pn exposure to
erosion. |
(3) Crossllnklng of LR 5630 vnjﬂiBenzoylperox1de. The comp031t10n

and characterlstlcs were as follows~

. S TABLE 9 { Ty
Bz0y (w/w % in LR5630) 5.0 2.5
LRS630,¢ EEEE | 2.0 2.0
B02,8 | | I 0.1 | 0.05
Toluené, ml o R a . 8.0 _ 8.0
Thicknéss of Coat, mm | | | 0.17. ‘; | 0.38
| Adhesive Stréngth, kg/cm? | _ ‘ 0;34 | : 0.13
Adhesive strength immediately
After Erosion . _ 4f36 ———
Stored for 3 days . ——

After Erosion ' 4.53

The solutions were'clea:; the coats, dried at room
temperatue, showed many needle-like crystals of B;0,. The coats
were heated at 100°C for 1lh for the purpose of_érosslinking.

However after heating,the coat was still soluble in

11



toluene atkroom température indicating that crosslinking had not
vﬁaken place. ‘
‘(4) Compostlons contalnlng high MW Poly (dlmethy151loxane)

Comp051tlon and characterlstlcs are given in TABLE 10

TABLE 10
o . _ L . : _ 1% o
 Polycarbone Repeat Unit/ Poly Siloxane 0 30/70 - 35/65 40/60
Repeat Unit ' . :
 IR5630, g o | 2.0 R N
~ LR-3320,g _ e — - 0.61 0.80
Poly (dimethysiloxane 1.M{ 100 000g | 0.3 0.39  0.35
Toluene, ml. ' 10.0 5.0 5.0
Dioxane, ml , v j— 5.0 5.0
. ' ' %2 %2
Thickness of Coat, mm 0.275 - -
Adhesive Strength, kg/cm? ‘ ' . 0.05 - 0.42 1.27

*] This is the same ratio as in LR5630
*2 Coats were not uniform; copolymer and silicone separated in the

“coat.
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fS) Croes—linkedﬁsilicone gum
(a) Silicone gum 2. 0g
"Toluene 'f 8.0ml
| B0, . 0.1g
A ciear}-viscous‘solution’resulted; It was coated on an
1—plate and heated at 150°¢ for 0.5h. The CQatfwas‘net uniform
and was sllghtly colorea.' It was very fragile and its edheéive .
strength could not be measured, " o
(b) Silicone gum 2.09':
Toluene | 8,0ml
Me Sl(OEt)3 0.2g
(for cross-linking) |
Again a clear,viscous solution was obtained. The coat on Al
was heéted at IOOOC for lh. After crosslinking of the gum, the coat
had a grease-like consistency;‘its adhesive strength was 0.06 kg/cn?
(sliding).
(c) Tullanox # 500 and LR 5630
LR 5630 2.0g, various amounts of Tullanox #500 and toluene lfml
were mlxed‘ln a ball-mill for 16h and coated on Al. All coats were
heated at 110°C for 1h. -
Adhesive strength (kg/cm ) and peel strength (g/cm) are
plotted versus % Tullanox # 500 in the accompanying figure,
| It is interesting to note that while the adhesive strength
,increases_lihearly with the % Tullanex content, the peel strength
remains constant for the whole range of Tullanox percentages., |
Apparently, the surface becomes roughe: with increasing

Tullaﬁox—powder content but the adhesion is not affected with

respect to peeling.
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One sample (15 % w/w of lelanox %500) vas subjected‘to
‘erosion for 4.5h} for adhesive and peel strengths are given in

TABLE 11 below.

TABLE 11 |
SAMPLE 3, TULLANOX #500, 15% w/w

SHEAR STRENGTH (kg/cm®) - PEEL g/m
Before Erosion . ' 0.40 _ ' —
A few hours after Erosion o C 4.34 . o L e
~ ‘Stored for 1 day _ 3.15 ' : —_—
' After Erosion _ v
Stored 18 days _ ' 1.55 : 2.9 v

Both adhesive and peel sﬁrength increasebconsiderable
Qn exposure to erosion.
(7) Effect of Erosion on Peel Strength,.
| (2) LR-5630 2.0g
PolydimehYlsiloxane 0.3g
MW 1000005
Toluéne  '10.0ml
A 225 um thickvcoat on Al was prepared, its adhesive
strength was 0.05 kg/cmz. The coat was exposed to erosion for
18.5h and after erosion, peel tests were carried out.
| ' | PEEL STRENGTH g/cm
Immediaﬁely.after erosion B | \ 3.4 |
Stored for 1 day after erosion 0.7

The recovery appears to be remarkable.
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(2) A LR-5630 COat(l.lmm thickj was exposed to erosion for 4.5h
and its peel st;ength was measured:

PEEL STRENGTH g/cm

Immediately aftér erosion o 3.6
‘Stbred 1 day'  SR R  '; -2'8 :
Stored 2 days . S 1.9

(8) Miscellaneous Compositibns
(a) TAR ;Epoxy-Enamel Subtrate .

ThlS surface was treated w1th dlmethyldlethoxy 511ane (Me2
SJ.(OE’C)2 and left for 2h. It was ant1c1patated that the silane
would be hydrquzed in presence of moisture and would turn intd
silicone oil. The shear adhesive strength of such a coat Wésl>
4.5 kg/cm?, |
(b) Polyainylidene fluoride (PVDT) was dissolved in warn
cyclohexanone and the solution was coated on a warm Al-piate. Two
~ Coats were prepared,one wés_milky and the other one was |
practically transparent; these were tested.

| | Milky Coat  8.29 kg/cn?
Transpafent coat 5.64kg/cm2
Coats Sepérated'from the substrate after teSting.
(¢) Poly (vinyl butyral) (5Vs) | - |
- (1) Butvar B-90 was dlssolved 1n toluene and EtoH was added glVlng

a clear solutlon-

Butvar B-90 2.68
Toluene 16.0ml
EtoH 4.0ml

A coat ca.70 pum on Al wrinkled on heaclng to lOOOC for 1h.

The shear strength amounted to 5.51 kg/cm

15




-Tovsuch a coat Me., Sl(OET)2 was added at room terperatureand left
about 0.5h. This compound was expected to react with —OH—grOups.o
(18-20%) as PVA in PVB. The adhes1ve strength was 6.25 kg/cm .

(2) ME Sl(OEt)2 (CA 20 to PVB) was added to the PVB—solutlon as
’prepared above. The Al-coat was heated at 100‘b for 1h prlor to ‘
testihc. Milky patterns appeared in the coat (O 15 mm thlck). ltS.
adhesive strength was 9, 32kg/cm .

(3) The follow1ng compostlon was examlned

Butvar B-90 T | 0.8g
‘Poly (dimthylsiloxane),rMW 100 000. 0;2g-'
Toluene ‘ : ' | 8.0ml

Etoh | }' 2.0ml

~

‘The solution was slightly turbld, the coat on Al was very.
turbid. Shear adhesive strength was 4.39 kg/cm . This strength
_wasbnot reduced by adding silicone oil. |
(4) A PVBQsolution was prepared as above; it was coated on the
'specially prepared TAR-Epoxy-Substrate, After a first coat had
- dried,a second one was applied. However the PVB solution attacked.
the substrate and the latter bulged. The PVB could be easily
peeied off, .
(d) Polystyrene and Poly~- aemethyl styrehe did”not'show’promising
results. -

(e) Erosion-Resistant Coat.
(1) Preliminary experiments
: (a) LR-5630 1.0g

Toluene ] 9.0ml

16




CoatsAwere prepafed“on Alf Two of the coats, Fluorolube s-30
or GE- Silicone 011 SF- 1154 were applled for one aay prlor to v
testlng., Fluorolube proved to repel LR~5630 and 1t was dlfflcult' .e
to obtain a uniform coat The coats were exposed to er031on for
el 5h and 1mmed1ately afterwards ice was adhered to them. ReSultsv
'are given below. | | |

TABLE 12

SAMPLE | | THICKNESS OF COAT R ADHESIVE STRENGTH
' ‘ - mm -~ kg/em
LR-5630 control ~ o0.10 | o 3.18
LR-5630 with Fluorolube  0.11 - . 0.85

LR-5630 with SP-1154 0.09 o

This is the first time that an adhesive Strength value was

obtaihed lower than l.OOkg/cm2 immediately after exposure to

erosion.

(b) Preliminary Experiment-2 |
Previously prepared coats were treated with Sr-1154. They

were stored at room temperature prior to exposure to erosion.

After a 1.5h long erosion, samples were eroded again (16h LR—5630,
and 5h LR3320).
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Results ‘are given below,

SAMPLE = THICKNESS OF COAT

TABLE 13

ADHESIVE STRENGTH, kg/cm?

No Erosion After lst Erosion After 2nd Erosi«
mm - 1.5h 16h
LR-5630 SR-1154 0.26 0.47 0.04 u 1.09 .
LR55630 ‘ '0.13 2.50 0.02 2.37 .
LR—5630 is well within thespec1f1ed range CFlrst Experlment)
(c) LR—5630/SF ~1154 Com0051tlons. :
Seven dlfferent comp051tlons were prepared.
LR-5630 1.0g
Toluene 4,0ml
SF-1154 VYarious amounts,see TABLE 14,
‘TABLE 14
SF- 1154,g 0.0 0.1 0.2 0.4 0.6 0.8 1.0
7w /v ‘ . 0 10 20 40 60 80 100
Coat thickness, * pn. 0.26 0.29 0.32 0.37 0.42 0.47  0.58.
Adhesive Strength, kg/cm2 ‘before 0.38 0.22 0.12 0.06 0.07 0.17 —_
erosion
Immediately after er051on, kg/cm 2.87 3.71 1.81 0.20 0.61 1.16 -~ 0.71
16 h after'e?031on'  DATA NOT YET READY 0.68 2.57%3

1.61

*1 Calculated values
*2 Cumulative erosion i.e. 19h

*3 24h instead of 16h
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- These last results will be discussed in the next re@o:t,
Experiments with G.E. silicone varnish are now in progress.
Overall,lthe_résults show that LR-5630 plus SF-1154 is the most

promising system provided coats are felatively,thick.
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